Anomalous origin of the circumflex coronary artery from the proximal right coronary artery or right sinus of Valsalva was recognized in 20 of 2996 patients undergoing selective coronary arteriography (0.67%). The relative frequency of this anomaly demands a high level of anticipation during the performance of selective coronary arteriography to assure that an adequate study has been obtained. Failure to recognize and properly demonstrate the anomaly can be hazardous to patient management.
RIGIN of the left circumflex coronary artery from the right sinus of Valsalva is a well known anatomic variation which has no clinical significance per se. Recognition and angiographic demonstration of the anomalous artery assumes high priority, however, in patients undergoing evaluation for direct coronary artery surgery or prosthetic valve replacement. This anomaly has been recognized in 0.67% of patients undergoing selective coronary arteriography in our laboratory. Certain angiographic signs during left ventriculography and selective opacification of the left coronary artery have proved reliable in recognizing the presence of the anomaly, thus allowing its proper demonstration. Failure to demonstrate the anomaly can lead to erroneous interpretations of coronary artery anatomy and can prove hazardous to the patient. It is the purpose of this communication to describe 20 examples of this anomaly recognized among 2996 patients undergoing selective coronary arteriography on one or more occasions between February 1968 and February 1974.
Aortocoronary bypass graft

Case Histories
The total experience is summarized in table 1. Those patients in whom the anomaly assumed clinical importance are presented in more detail. Patient 1. W. B., a 55-year-old male, experienced an acute myocardial infarction five years prior to evaluation. Coronarv arteriography, performed because of the recurrence of angina pectoris, demonstrated an apical left ventricular aneurysm, 50% obstruction of the main left coronary artery, 90% obstruction of the anterior descending coronary artery and 100% obstruction of the right coronary arterv. The left circumflex coronary artery was not identified and was assumed to be 100% obstructed. Following aneurysmectomy and saphenous vein bypass grafts to the anterior descending and right coronary arteries, he remained asvmptomatic for three years. Repeat coronary arteriography performed because of recurrent angina pectoris demonstrated both vein grafts to be functioning properly. A circumflex coronary artery of relatively large distribution was found to arise anomalously from the right sinus of Valsalva and was 50% proximally obstructed. In retrospect the first study demonstrated absence of arterial distribution to the posterior lateral myocardium and the anomalous circumflex could be identified behind the aortic root in the left ventriculogram. Patient 3. B. B., a 39-year-old female, was evaluated for progressively symptomatic rheumatic aortic and mitral valvular disease. Coronary arteriography performed at the time of right and left heart catheterization demonstrated anomalous origin of the circumflex coronary artery as a branch of the proximal right coronary artery. Subsequently mitral valvulotomy and aortic valve replacement were successfully accomplished. Abbreviations: MLCA = main left coronary artery; LAD = left anterior descending coronary artery; RCA = right coronary artery; CX = circumflex coronary artery; MS = mitral stenosis; MI = mitral insufficiency; AS = aortic stenosis; AI = aortic insufficiency; CAB = coronary artery bypass. Patient 4. J. B., a 44-year-old male, experienced an acute myocardial infarction nine years prior to evaluation. Coronary arteriography performed because of the recurrence of angina pectoris demonstrated severe obstructive lesions of the main left, left anterior descending, and right coronary arteries. Saphenous vein bypass grafts to the left anterior descending and right coronary arteries resulted in temporary relief of symptoms. Nine months later repeat coronary arteriography, performed because of recurrent symptoms, demonstrated both bypass grafts to be functioning properly. A circumflex coronary artery of relatively small distribution was identified arising from the right sinus of Valsalva and was 90% proximally obstructed. In retrospect, the first study demonstrated absence of arterial distribution to the posterior lateral myocardium and the anomalous circumflex could be identified behind the aortic root in the left ventriculogram. Patient 6. R. B., a 40-year-old female, complained of progressive chest pain and orthopnea. Coronary arteriography demonstrated anomalous origin of the left anterior descending coronary artery from the pulmonary artery. The circumflex coronary artery arose as a branch of the proximal right coronary artery and had probably contributed to her relatively benign past clinical course by supplying part of the left ventricle with well oxygenated blood. Surgical correction of the anomalous anterior descending artery in this patient has been reported.'
Patient 10. R. T., a 67-year-old physician, had ex- proximal obstruction of the left anterior descending coronary artery. An anomalous circumflex coronary artery was faintly opacified by spillback from injections into the right coronary artery. This was not recognized prior to surgery. He underwent a saphenous vein bypass graft to the anterior descending coronary artery. Two years later repeat coronary arteriography was performed because of recurrent chest pain. The bypass graft was patent, but the circumflex coronary artery was noted to fill retrograde through collaterals from the right coronary artery and was 100% obstructed near its origin.
Patient 20. L. S., a 62-year-old male, was evaluated for progressive angina pectoris. The anterior descending, circumflex and right coronary arteries arose from the right sinus of Valsalva by three separate ostia and were all significantlv obstructed. Independent visualization of the three arteries is illustrated in figure 1 . He subsequently underwent bypass grafts to all three vessels. PAGE, ENXEL, CAMPBELL, THOMAS among a total of 224 coronary arterv anomalies identified in an unspecified patient population. Our experience suiggests that the anomalv is muich more common than these data indicate and is apparentlv more in accord with the experience of Gensini and Kelly,5 who include an entry for its identification in their compuiterized data forms, and Effler,6 who suggests it be called a normal variant rather than an anomalv.
Relativelv little information is available regarding the precise anatomv of the anomalv as defined bv direct observation. The following impressions of proximal anatomv are based upon angiography and are basicallv related to the ability or inability to independently demonstrate the anomalous circuimflex and right coronary arteries. The anomalous arterv mav arise as a proximal branch of the right coronarv artery, with the right coronary artery from a common ostiuim, or from a separate orifice. In figure 2A it is possible to selectively opacify either vessel without the faintest demonstration of the other. In 2B injections of the right coronary artery consistentlv opacify the anomalous circumflex which arises as a branch (fig. 3 ). In figuire 2C it is possible to direct the catheter tip selectivelv into either vessel although some degree of opacification of the nonselected arterv may occur bv spillback of contrast material. In our experience these three possibilities occur with approximatelv equal frequ.encv. Thuis in eight patients (40%) the anomalous circumflex arose as a discrete proximal branch and was consistently opacified during injections of the right coronary artery. In seven patients (35rF!) spillback of contrast material duiring injections of the right coronary artery afforded evidence of the anomalv. In five patients (25%) it was possible to selectively opacifv the right coronarv artery without the faintest evidence of the anomalous circutmflex. The anomalous circumflex was selectivelv catheterized in eight patients (40%c).
In these 20 examples the contintued course of the anomalous circutmflex artery is stereotyped as prev iouslv described.7' After taking origin by one of the al)ove (lescribed possibilities the artery passes behind the aortic rout and enters the left atrioventrictular groove to (listribute as thotgh it had originated as a proximal branch of the left coronarv arterv (figs. 2 an(l 4).
The size and (quantitative distribuition of the anomalous circulmflex arterv are as variable as that of a normallv originating vessel. Thus, when the right coronrar artery suipplies most of the inferior left venitricuilar mxvocarditrm the terminal circu.mflex is small an(l w hen the (liagonal arteries from the main left or proximal anterior descending arterv are well (leveloped a tvpical large obtuise marginal branch is not fouind. Tvpical variations in clistribution of the anormalous vessel are illtustrated in figure 5. In "otr experience origin from the right sinus of Valsalva or right coronarv arterv does not predispose the circuimflex coronarv artery to a higher incidence of obstructive disease. The presence of obstruictive disease, howxever, especiallv in a vessel of large dlistriblutio, makes it mandatorv that the anomaly be recognized and angiographicallv demonstrated. Since this is the most common deviation from uisiual coronarv arterv anatomv encountered in adtults, a high Figure 6 Patient 12 H u. Un'retouched 35 rumr ciiie frarne from left reutricuilogram int 'a right anterior oblique projection. The anomialous circurmflex coronary artery is seen in profile behind the aortic root (is it courses to the left atriotetricular groove (arrow). ANOMALOUS , 1 1 1 1 1 1 b l -l to., 4 PAGE, ENGEL, CAMPBELL, THOMAS level of anticipation should be maintained during the performance of coronary arteriography. In our experience two angiographic signs allow recognition of the anomaly before its direct visualization. These signs can be referred to as the "aortic root sign" and the "sign of nonperfused myocardium." Aortic root sign: A consistent finding during left ventriculography in a right anterior oblique projection is a profile view of the anomalous circumflex as it courses posteriorly behind the right sinus of Valsalva. This sign is illustrated in the artists' concept ( fig. 4 ) and in a typical cine frame ( fig. 6 ). The single exception to this observation was a patient in whom the artery was completely occluded at its origin and the distal distribution was recognized by retrograde opacification.
Sign of nonperfused myocardium: During selective opacification of the left coronary artery an avascular area in the posterior lateral left ventricular myocardium suggests anomalous origin of the circumflex artery. Subselective injection of the anterior descending artery or separate origin of the circumflex from the left sinus of Valsalva are easily ruled out by left cusp injections. The size of the avascular area is directly proportional to the quantitative distribution of the arnomalous artery and may be very obvious or rather subtle. It is unsound to hypothesize hypoperfusion of a significant area of left ventricular myocardium due to congenital absence of arterial inflow. Should this possibility be stuspected, a more reasonable alternative is to assume that the study is incomplete. The concept of nonperfused myocardium is illustrated in figure 7 .
In searching for the anomalous artery by the transfemoral approach the preformed catheter designed for opacification of aortocoronary vein grafts (Cordis) has been found most useful. This catheter is more versatile than the preformed right coronary catheter which often tends to select only the right coronary artery. After locating the ostium of the right coronary artery a circumflex coronary artery arising independently or from a common origin can be selectively catheterized by directing the catheter tip more posteriorly and at times more inferiorly.
The clinical significance of the anomaly is obvious in patients undergoing angiographic studies for possible obstructive coronary artery disease. In this series the anomalous artery was first recognized in three patients during repeat coronary arteriograms. In all three patients the vessel was significantly obstructed and probably had contributed to continuing clinical problems. One patient underwent repeat angiography to specifically visualize the anomalous artery when it was recognized that a significant area of posterior lateral myocardium had no visible arterial supply on the first study. In one patient aged 40 years the anomaly coexisted with origin of the anterior descending artery from the pulmonary artery and had probably contributed to her relatively benign clinical course. In two patients anticipating possible aortic and mitral valve replacement, recognition of the anomaly had potential importance related to coronary artery perfusion during surgery and to the possibility of compression by the prosthetic valve fixation rings as reported by Roberts and Morrow.9 In two patients, aortocoronary bypass grafts were placed distal to significant proximal obstructions in the anomalous circumflex arteries. The technical aspects of surgery in these two patients were no different from patients with normal origin of the circumflex coronary artery.
From this experience it is concluded that anomalous origin of the circumflex coronary artery from the proximal right coronary artery or right sinus of Valsalva is a relatively common anatomic variation. Consistent demonstration of the anomaly is possible if it is anticipated and the above described indirect angiographic signs are recognized during the performance of coronary arteriography. Adequate visualization of the anomaly is essential for proper patient management.
